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ABSTRACT
Outdoor recreation is an important issue for people living in areas where they face problems caused
by harsh climatic features like the city of Erzurum. The aim of this study was to determine the
favourable features of tree species, which can grow in the city, for human bioclimatic comfort
conditions. For this aim, measurements of climatic elements (temperature, humidity, and wind) were
carried out under different tree canopies in the Ataturk University Ata Botanic Garden in July and
August 2008. For the calculation of bioclimatic conditions, one of the most widely used indices, THI
(Thermo hygrometric Index) was used based solely on the data of clear and calm days during the
measurement period. From the results of the study, it was found that the canopy of Scotch pine trees
can provide the most comfortable environment by increasing human thermal condition by 5.1 %,
followed by Silver birch trees by 3.8 % which increased human thermal condition when compared to
open space while mixed canopy did not give the respective results. Some suggestions about the use
of plant materials in recreational areas are presented.
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INTRODUCTION
Outdoor recreation is a very important cluster of activities for people who are tired of daily routines
and exhausting working conditions. The need for such activities may sometimes be higher in
regions, where severe climatic conditions, e.g. long and cold winter conditions are prevailing, like the
eastern part of Turkey. Since the time period convenient for outdoor recreation is relatively short in
these regions, people who wish to spend their leisure time outdoors should perform their activities in
a physically and bio-climatologically comfortable environment. However, because of the constraints
of the unfavourable climatic conditions, the number of the activities people can perform and the
areas where these activities can take place is quite limited. Mainly picnic activity has to be performed
in areas whose quality and quantity are quite inefficient. Main problems of the recreational areas in
these regions are lacking of super – and infrastructures in addition to the problems caused by the
lack of designing and planning, mainly seen in plantation. Existent recreational areas are not
designed for recreational purposes and people generally have to use the areas, which were
designed inappropriately and where aimlessly chosen plant species are growing.
In the assessment of the convenience of a place for tourism and recreational activities, weather and
climate along with topographical and orographical conditions, vegetation and fauna do not only play
a defining role but they are also limiting and controlling factors over them (Rudel et al., 2007).
Climatic parameters such as monthly means of maximum daily temperature, mean daily
temperature, minimum daily relative humidity, mean daily relative humidity, total precipitation, total
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hours of sunshine, average wind speed and global radiation are accepted to be effective on
recreation activities (Fanger, 1970; Scott et al., 2004). The aforementioned climatic elements can
affect recreational activities either individually or in a combined way. Although the individual effects
of these elements are sometimes forefront, their combined effects are more dominant on people for
their health status and work performance as well as their pleasure and the quality of experience
taken from recreational activities. Among the climatic elements, which may be accepted to be the
most influential factors on human outdoor activities, temperature and its effect so called “thermal
effect” is in the first row. Since this element affects and is affected by all other parameters, it
embodies their combined effects together with its direct effect on people performing work or leisure
activities outdoors. Thermal effect determines the comfort of people outdoors together with other
factors e.g. clothing and working load. In this respect, the effect of thermal conditions on humans is
termed with thermal comfort. Thermal comfort is defined as the condition of mind that expresses
satisfaction with the thermal environment (ASHRAE, 1992). Thermal comfort has very important
effects on people performing outdoor recreation activities. Since its effects are directly seen on
human psychology, it has been accepted as an influential factor on man's intellectual, manual and
perceptual performance.
Plant materials, especially trees, are an indispensable part of landscape designs and projects. Their
vitality for humans and their thermal comfort in various environments are very well and thoroughly
documented in the literature (e.g. mainly by the Chicago Urban Forest Project, McPherson et al.,
1994; Simpson et al., 1994; Honjo and Takakura, 1990; Canton et al., 1994; Taha, 1997; Bruse and
Fleer, 1998; Scott et al., 1999; Shashua-Bar and Hoffman, 2000; Heisler and Wang, 2002; Streiling
and Matzarakis, 2003; Ali-Toudert and Mayer, 2007; Toy et al., 2007). Differences in climatic
elements between tree canopy and open spaces have been detected at various rates (Myrup et al.,
1993; Simpson et al., 1994; Scott et al, 1999; Streiling and Matzarakis, 2003; Yilmaz et al., 2007,
Toy and Yilmaz, 2010). Effects of tree covers on human climatic and bioclimatic environment can
occur in two different mechanisms mainly by directly shading the ground surface and indirectly by
supplying humidity (Lee, 1978; Oke, 1987). Because of the favourable effects of tree canopy on
human thermal comfort, they should be used very carefully to take their advantages in the landscape
planning works especially for recreational areas in the regions with harsh climatic features where
relatively less tree species can be grown.
The aim of this study was to try to determine the suitable tree canopy in order to offer bio-climatically
more comfortable environments for people performing their recreational activities outdoor by
determining human thermal comfort conditions under different covers of the most extensively grown
tree species in the study area. For this aim, Thermo hygrometric Index (THI), one of the most
densely used bioclimatic indices was used in the calculation of thermal comfort conditions (Unger,
1999; Toy et al., 2007; Toy and Yilmaz, 2010a) using meteorological data measured on 26 calm and
clear days of July and August 2008 and at four different points; under the clusters of Silver Birch;
Scotch Pine and their mixture and in the open space in the Ata Botanic Garden of Atatürk University,
Erzurum.

MATERIALS AND METHOD
This study was conducted in the Ata Botanik garden in the city of Erzurum, which is located in the
eastern part of Turkey (39º 55’N and 41º 16’E) at 1850 m above sea level on a flat plain surrounded
by nearly 2000-m-high mountain ranges (Fig. 1).
According to the census conducted by the Turkish State Statistics Institution, the population of the
city is 366,962 (Anonymous, 2002). The city has harsh continental climatic features because it is
isolated and far from sea. According to climatic measurements between 1988 and 2008, long term
annual mean temperature is 5.1ºC and the ever recorded maximum and minimum temperatures are
35.6ºC and -37.2ºC, respectively. In the same observation period, mean annual rainfall is 413.3 mm;
mean annual relative humidity is 63.3% and mean annual vapour pressure is 6.0 mb. Mean yearly
wind speed is 2.7 m/sec and prevailing wind direction is ENE in summer and WSW in winter due to
circulation systems.
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Figure 1. Location map of study area

Even though in the city, long and harsh winters (at least six – month from late October to late April
sometimes early May) are prevailing, people are not provided with recreational areas convenient
with this condition, except for a ski centre on Palandöken Mount, which is a famous winter sport
centre and where local people cannot afford to ski or perform recreational activities. Therefore, local
people have to stay in indoor areas during winter period and can perform outdoor recreational
activities in only a relatively warm summer period. Due to negative climatic impacts, the number of
plant species, especially trees, which can grow naturally or be adapted in green areas, is not much.
For instance, in a study (Yilmaz and Irmak, 2004) on the plant materials used in open-green spaces
in the city, it was determined that only 13 tree species (e.g. Black locust, Robinia pseudoacacia L;
Silver birch, Betula verrucosa Ehrh.; Box elder, Acer negundo L.; Single-seed hawthorn, Crataegus
monogyna Jacq.; White Ash (Biltmore ash), Fraxinus americana L.; Sour cherry, Prunus cerasus L.;
Oleaster (Russian olive), Eleagnus angustifolia L.; European Ash or (Common Ash), Fraxinus
excelsior L.; Weeping Willow, Salix babylonica L.; White poplar, Populus alba L.; Scotch pine, Pinus
slyvestris L.; Wych elm, Ulmus glabra ‘Huds’) are used in these areas. It was also found in the same
study that among these tree species the most prevailing and naturally grown species whose
maintenance is relatively easy are Silver birch (Betula verrucosa Ehrh.) and Scotch pine (Pinus
slyvestris L.). In addition to the problems caused by lack of convenient plants for recreational areas,
existing plant materials in the recreational areas are used carelessly and aimlessly.

METEOROLOGICAL DATA
In order to determine the effect of tree shadows on climatic and bioclimatic conditions, temperature
measurements were carried out during the months of July and August 2008 in the property of the
Botanical Garden of Atatürk University near the city centre (1840m and 39º 55’ N; 41º 16’ E) under
the clusters of 20 year – old Scotch pines (Pinus sylvestris L.); Silver-birches (Betula verrucosa
EHRH) and their mixture and in the open space.
In the measurement of temperatures, the same measurement standards with the stations operated
by Turkish State Meteorological Service were followed. Therefore, data-logger thermometers (Finest
Model 345; Fine Instruments Corporation) were calibrated according to thermometers at the
meteorological station of the city before beginning the measurements and they were placed at the
selected measurement points in a white screened (Stevenson screen) box 2 m above the ground.
Although measurements were conducted daily for 24 hours in July and August months, in order to
make a healthy comparison, only the temperature data of the clear and calm days were selected at
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10.00, 13.00 and 17.00 LT, when people are mainly in outdoor areas and can densely perform
recreational activities. The number of such days in both months was twenty six (21 in July and 5 in
August, which are the hottest months of the year). Means of temperatures were calculated;
differences between the means of temperatures under the canopies and in open space were found
and trends in temperatures are presented in Figure 2.
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Figure 2. Trends in temperatures measured at selected points

Means of the daily data under canopy types were calculated and statistically compared with the
mean temperatures in open space using t and ANOVA tests. According to the results of the
statistical analysis, temperature differences between open space and tree canopies were found to
be statistically not significant (p=0.05), mean differences from open space were 0.7 ºC for Scotch
pines and 0.3 for Silver birches and mixture, respectively and comparable to the values provided in
literature (e.g. Oke, 1989; Yilmaz et al., 2007).

CALCULATION OF HUMAN THERMAL COMFORT CONDITIONS
Today outdoor human thermal comfort conditions are widely defined and calculated using very
different approaches (e.g. MEMI, Munich Energy Balance Model for Individuals, Höppe, 1984, 1993;
ASHRAE 1992, MENEX – 2005, The Man-ENvironment heat EXchange model, Blazejczyk, 2005),
simple and complex calculation indices (e.g. THI, Thermo hygrometric Index, Unger, 1999; PMV,
Predicted Mean Vote, Fanger, 1970; PET, Physiologically Equivalent Temperature – Höppe, 1999;
and SET*, New Standard Effective Temperature, Gagge et al., 1971) and computerised models (e.g.
RayMan; Matzarakis et al., 2000; 2007 and Matzarakis and Rutz, 2005; ENVI-met and dPet, Bruse,
2000; and OUTCOMES, Heisler and Wang, 2002). In spite of the large quantity of thermal comfort
calculation indices, they can be classified into two main groups; simple and complex indices, most of
which “share many common features”. While simple indices, such as THI, take the combined effects
of a few meteorological parameters (e.g. air temperature; Ta and relative humidity; RH) and “ignore
the decisive role of human physiology, activity, clothing and other personal data (height, weight, age,
sex), complex indices are more recent, promoted by the lately development of computing
techniques, and rely on the human energy balance” (Ali –Toudert, 2005).
In the present study, human thermal comfort conditions were calculated according to one of the most
widely used simple bioclimatic indexes; THI (Thermo hygrometric Index or Discomfort Index), which
was first developed by Thom (1959) and has been widely used especially in recent studies (e.g. by
Unger, 1999; Emmanuel, 2005; Toy et al., 2007; Yilmaz et al., 2007; Antoniou et al., 2008). Although
the index seems to be old, it was deliberately chosen to compare thermal comfort conditions under
different canopy types. Since this index has the capability of giving direct, rather than predictive,
results of thermal comfort conditions relying only on temperature and humidity values practically and
conveniently with the measurements, where only temperatures were obtained and relative humidity
values were calculated from these values, it could give simple and precise results by which some
opinions about the conditions can be gained as in other studies such as Unger, 1999; Toy et al.,
2007; Yilmaz et al., 2007, Toy and Yilmaz, 2010 and Antoniou et al., 2008). In fact, before choosing
the suitable thermal comfort index, calculations were carried out according to two different indices,
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PET (Physiologically Equivalent Temperature) and THI (Thermo hygrometric Index). At the end of
the calculation PET index gave the comfort values far beyond its comfort ranges.
THI index uses the relative effects of air temperature (Ta) and relative humidity (RH) for the
calculation of human thermal comfort conditions, especially under windless conditions and gives the
results in Celsius degree (Unger 1999; Yilmaz et al., 2007). It employs a simple linear equation;
THI (°C) = t–(0.55–0.0055f)(t–14.5)
where t represents air temperature (Ta) and f relative humidity (RH; Unger 1999).
Calculated thermal comfort results are evaluated considering the predetermined categories in a table
(Table 1), which classifies the comfort conditions according to human sensation of temperature.

Table 1. The categories of the thermohygrometric index
(THI; Kyle 1994 in Unger 1999)

THI category Temperature (°C)
Hyper-glacial <–40
Glacial –39.9 to –20
Extremely cold –19.9 to –10
Very cold –9.9 to –1.8
Cold –1.7 to +12.9
Cool +13 to +14.9
Comfortable +15 to +19.9
Hot +20 to +26.4
Very hot +26.5 to +29.9
Torrid >+30

Thermal comfort conditions were calculated at three different times of the day (10.00, 13.00 and
17.00 LT) using air temperature (Ta) and relative humidity (RH) values obtained for 26 days.
Percentage distribution of comfort categories was calculated for the measurement period.

RESULTS AND DISCUSSION
From the calculations of thermal comfort calculations, it was found that mean values of THI over
three different daytimes under the canopies of pines, birches and their mixture and in open space
were 19.8, 20.1, 20.1 and 20.3 ºC, respectively and no statistical difference was found between
them (p=0.05). When considering these means and thermal comfort categories of THI, the only
canopy type within the “comfortable” range is pine trees while the rest are in the “hot” range.
In Figure 3, percentage distribution of THI categories according to areas and three different day
times are presented. When considered the morning hour (10.00 LT), it can be seen from Figure 3
that prevailing thermal comfort range is "comfortable" for all of three canopy types while in open
space "cool" is prevailing. The number of days within “comfortable” range is 9, 13 and 10 under
pines, birches and their mixture, respectively. This result can show that silver birch canopy may
provide thermal comfort conditions in the morning hours more than the other two canopies, where
"cold" and "cool" range, that is, cold stress is more effective, because of its weak shadowing effect
and since it allows for the sun-light to warm the environment under its canopy. At this hour, “cool”
range is prevailing in the open space due to severe solar radiation loss.
For the noon hour (13.00 LT), which was accepted to be the hottest point of the day, prevailing
comfort range was found to be "hot". The number of days is 16, 18, 18 and 18 for pines, bitches,
mixture and open space, respectively. For all measurement points, the second prevailing comfort
range is "comfortable" and the number of days is 8, 6, 5 and 6 in the same order as before. From
those results, it can be deduced that at the warmest time point of the day the most favourable
canopy type is pine trees since it has the least and the highest "hot" and "comfortable" range
numbers respectively, due to its dense leaf area and more shadowing effect.
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Figure 3. Distribution of THI categories for the areas and day times

When considering the evening hour (17.00 LT), it is interesting that prevailing comfort range is "hot"
again for all the areas. The number of days is 13, 15, 15 and 14 for pines, birches, mixture and open
space for this comfort range. This condition may have been caused by the effect of sunlight, which
may still actively warm the environment under canopies from a reverse angle. This result might have
been different if another later hour had been selected for the evaluation. However, it is at this hour
that people prefer to perform their recreational activities. The second prevailing comfort range at this
hour is the "very hot" range which was seen on 6 days under all canopies and 7 days in the open
space while the "comfortable" range is only the third range for the areas with the number of days 4,
1, 1 and 3 in the same order. This result is interesting because while the pine canopy shows the
highest "comfortable" range number at this hour, which is expected due to its resistance to sun light,
the open space shows the second highest "comfortable" range number, which may be attributed to
rapid solar radiation loss.
In the study, another analysis was conducted using the 24-hour THI values and estimating their
percentage distributions. Results of the percentage distribution of THI categories over 624 hours (24
hours of 26 measurement days) are presented in Table 2.

Table 2. Hourly distribution of THI categories in percentage
THI categories / Canopy
Types

Pine (%) Birch (%) Mixed (%) Open (%)

Cold –1.7 to +12.9 11.5 10.3 10.3 6.4
Cool +13 to +14.9 10.3 9.0 12.8 16.7
Comfortable +15 to +19.9 26.9 25.6 20.5 21.8
Hot +20 to +26.4 38.5 43.6 43.6 42.3
Very hot +26.5 to +29.9 9.0 7.7 9.0 10.3
Torrid >+30 3.8 3.8 3.8 2.6
Total 100 100 100 100

According to Table 2, the highest percentage of “comfortable” range is seen under pine trees while
the second highest percentage belongs to birch canopy. Mixed canopy couldn’t give the expected
result and in this environment “comfortable” conditions are less than in the open space, which have
been resulted from various situations, e.g. selection of the measurement point or development of
trees. The most prevailing comfort range at all the points is “hot” since the selected measurement
period is the hottest time of the year in the region. From all the results, it can be said that canopy of
Scotch pine trees can provide the most comfortable environment by increasing human thermal
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condition by 5.1 %, followed by Silver birch trees which increased human thermal comfort conditions
by 3.8 % compared to the open space while mixed canopy could not give the expected results.
Due to countless benefits of outdoor recreational activities to human psychology, health and work
performance people should perform these activities in comfortable environments both infra-
structurally and bio-climatically. For better planning and management of landscape units such as
forests for recreational purposes there is need for not only to give much emphasis to the visual
aesthetic aspects, but also to understand the microclimate differences among vegetative units and
their influence on recreation-seeking humans (Schiller, 2001). In this respect, many studies
evaluating the contributions of plant materials to human thermal comfort are present in the related
literature. For instance, Schiller (2001) conducted a study in Israel over man-made and natural
forests, some neglected and some regularly used for recreation using the sweating rate index (S)
and found that summer thermal comfort is directly related to tall tree forest canopy closure, which
can be supported by the present study since Scotch pine trees are taller than the Birches. In another
study carried out in Freiburg (Germany), (Streiling and Matzarakis, 2003), the effects of single and
small clusters of horse chestnut trees (Aesculus hippocastanum) on the bio-climate of a city were
examined using PET (Physiologically Equivalent Temperature) and Tmrt (mean radiation
temperature) and it was found that distinct differences between areas with trees and areas without
trees are present. The results of the aforementioned study are in agreement with the present study
although the used thermal indices are different and the differences between the areas in the present
study are not quite large due to the fact that it was not conducted in the urban area. In other recent
studies, it has again been shown that vegetation is beneficial in lowering air temperatures, in
providing shade and in improving thermal comfort (Spangenberg et al., 2008). Shashua-Bar and
Hoffman (2004) found air temperatures in Tel-Aviv, Israel, in tree planted streets to be 1–2.5°C lower
than in non-vegetated streets at the hottest part of the day (15:00 h). Chatzidimitriou et al. (2005) in
Thessaloniki, Greece, found air temperature decrease for tree-aligned streets to be less than 1°C,
but up to 20°C lower surface temperatures and more than 40°C lower mean radiant temperatures
applying the simulation software ENVI-met. In the hot dry climate of Ghardaia, Algeria, Ali- Toudert
and Mayer (2007) found that shading trees could improve the thermal comfort in streets
considerably. In another simulation study of different greening scenarios using ENVI-met in Rio de
Janeiro, Brazil, Spangenberg (2004) found that an increased amount of urban green (tree cover of
30% of the ground and 100% green roofs) could nearly re-create the comfortable conditions of a
natural forest. Toy et al (2007) in the same study area (Erzurum, Turkey) showed using the same
bioclimatic index (THI) that in urban forest area of Scotch pine trees “comfortable” range was 10% of
the 10- month study period. Spangenberg et al. (2008) found in the city centre of São Paulo, Brazil
that urban park was up to 2°C cooler than city square and street canyon and they simulated their
measurement day using the numerical model ENVI-met and showed that incorporating street trees
in the urban canyon had a limited cooling effect on the air temperature (up to 1.1°C), but led to a
significant cooling of the street surface (up to 12°C) as well as a great reduction of the mean radiant
temperature at pedestrian height (up to 24°C). It can be seen from recent studies that the extents of
thermal and thermal comfort differences between tree – planted and naked areas are changing
depending on the measurement sites, measurement hours and used bioclimatic indices; however,
the results of these studies have almost been the same which shows the favourable contribution of
trees to human comfort in thermal environment and this finding was reconfirmed by the present
study. Another important aspect of the present study is that it was conducted to evaluate the
contributions of distinct tree species to thermal environment with direct measurement and direct
thermal comfort calculation rather than simulation or use of predictive models e.g. Envi-met or
RayMan. Therefore, more concrete and realistic values and evaluation could be made in the present
study.

CONCLUSION
In the present study, Scotch pine trees, which are the native plants of the study area, were found to
provide thermally most comfortable environments in harsh continental climates, like the one in the
study area. Therefore, in planning recreational areas, responsible people should consider the results
obtained from this study and the quantity and quality of such studies should be improved since
outdoor recreation is of vital importance in such regions, where very short outdoor recreation period
is experienced by locals.
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